-It is now well established that after menopause cardiometabolic disorders become more common. Recently, resistance exercise has been recommended as a complement to aerobic (combined training, CT) for the treatment of cardiometabolic diseases. The aim of this study was to evaluate the effects of CT in hypertensive ovariectomized rats undergoing fructose overload in blood pressure variability (BPV), inflammation, and oxidative stress parameters. Female rats were divided into the following groups (n ϭ 8/group): sedentary normotensive Wistar rats (C), and sedentary (FHO) or trained (FHOT) ovariectomized spontaneously hypertensive rats undergoing and fructose overload. CT was performed on a treadmill and ladder adapted to rats in alternate days (8 wk; 40 -60% maximal capacity). Arterial pressure (AP) was directly measured. Oxidative stress and inflammation were measured on cardiac and renal tissues. The association of risk factors (hypertension ϩ ovariectomy ϩ fructose) promoted increase in insulin resistance, mean AP (FHO: 174 Ϯ 4 vs. C: 108 Ϯ 1 mmHg), heart rate (FHO: 403 Ϯ 12 vs. C: 352 Ϯ 11 beats/min), BPV, cardiac inflammation (tumor necrosis factor-␣-FHO: 65.8 Ϯ 9.9 vs. C: 23.3 Ϯ 4.3 pg/mg protein), and oxidative stress cardiac and renal tissues. However, CT was able to reduce mean AP (FHOT: 158 Ϯ 4 mmHg), heart rate (FHOT: 303 Ϯ 5 beats/min), insulin resistance, and sympathetic modulation. Moreover, the trained rats presented increased nitric oxide bioavailability, reduced tumor necrosis factor-␣ (FHOT: 33.1 Ϯ 4.9 pg/mg protein), increased IL-10 in cardiac tissue and reduced lipoperoxidation, and increased antioxidant defenses in cardiac and renal tissues. In conclusion, the association of risk factors promoted an additional impairment in metabolic, cardiovascular, autonomic, inflammatory, and oxidative stress parameters and combined exercise training was able to attenuate these dysfunctions. exercise training; menopause; metabolic syndrome; blood pressure variability; inflammation; oxidative stress AFTER MENOPAUSE, hypertension, insulin resistance, Type 2 diabetes, and morbidity are all increased. These changes are impaired with increased intake of simple sugars, particularly fructose, commonly used in the food industry and sugarsweetened drinks (33). Moreover, the association between autonomic dysfunction and cardiovascular diseases strengthens evidence that alterations in the sympathovagal control increase cardiovascular risk after menopause (32). Furthermore, there seems to be an association between oxidative stress and inflammation, and both would play a role in the development of several cardiovascular diseases (26).
sweetened drinks (33) . Moreover, the association between autonomic dysfunction and cardiovascular diseases strengthens evidence that alterations in the sympathovagal control increase cardiovascular risk after menopause (32) . Furthermore, there seems to be an association between oxidative stress and inflammation, and both would play a role in the development of several cardiovascular diseases (26) .
Indeed, several studies have pointed to the adverse cardiac and metabolic effects of a high-fructose diet in animal models (15, 17, 20, 29, 44) . Our group has demonstrated that only 8 wk consumption of fructose was sufficient to induce prominent metabolic, cardiovascular, and renal changes associated with autonomic dysfunctions in mice and rats (8, 20, 38, 44) . Recently, we (17) demonstrated that increased sympathetic modulation for vessels and heart preceded the development of metabolic dysfunction in fructose fed mice.
On the other hand, aerobic exercise training has been recommended as an important adjuvant therapy for the prevention and treatment of cardiometabolic disorders. Our group has demonstrated that aerobic exercise training in spontaneously hypertensive ovariectomized rats attenuated and/or prevented increase in blood glucose and triglyceride concentrations, reduced insulin resistance induced by fructose overload, and also improved cardiovascular autonomic modulation in this condition (44) .
Recently, resistance exercise training has been recommended by several clinical guidelines as a complement to aerobic exercise (combined training) as an effective nonpharmacological treatment tool in cardiovascular and metabolic diseases (40, 49, 50) . However, the role of combined exercise training on cardiovascular control, inflammation, and oxidative stress has yet to be fully understood. Thus our study was designed to evaluate the hypothesis that combined exercise training may reduce and/or revert injuries promoted by fructose overload on cardiovascular and renal system in hypertensive rats undergoing ovarian hormone deprivation. Therefore, the aim of this study was to evaluate the effects of combined exercise training in hypertensive ovariectomized rats undergoing fructose overload on cardiovascular autonomic modulation, inflammation, and oxidative parameters.
METHODS
Females spontaneously hypertensive rats (SHR) and Wistar rats, 21 days old, were obtained from the Animal Facility of the Institute of Cardiology of Rio Grande do Sul. The rats were randomly assigned as follows: sedentary normotensive Wistar rats (C; n ϭ 8), sedentary ovariectomized SHR undergoing fructose overload (FHO; n ϭ 8), and trained ovariectomized SHR undergoing fructose overload (FHOT; n ϭ 8). All surgical procedures and protocols were approved by the ethics committee of Universidade Nove de Julho (Protocol AN 002-12) and were conducted in accordance with National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Fructose Overload
FHO and FOHT rats received D-fructose (100 g/l) in the drinking water for 19 wk. C animals received standard laboratory chow and water ad libitum.
Ovariectomy
After 10 wk of fructose overload, the SHR were anesthetized (80 mg/kg ketamine and 12 mg/kg xylazine), the oviduct was sectioned, and the ovary was removed as described in detail elsewhere (21, 28) . Data from our laboratory have previously demonstrated that estrogen concentration, measured through immunoassay, was 39 Ϯ 7 pg/ml in intact female rats. However, in the present study, estrogen concentrations on the plasma were not detected in ovariectomized studied groups, thus confirming ovarian hormone deprivation (21) .
Combined Exercise Training
Combined exercise training was performed on a motor treadmill (aerobic training) and in a ladder adapted to rats (resistance training), in alternate days, 5 days/wk, for 8 wk. For accuracy of prescription, maximal (running or load) tests were performed at the beginning of the experiment and in the 4th and 8th wk of the training protocol.
Aerobic exercise training. All animals were adapted to walk and run on a motorized treadmill (10 min/day; 0.3 km/h) for 5 consecutive days, before the maximal running test. The aerobic exercise test was performed in sedentary and trained rats as described in detail in a previous study (43) . Aerobic exercise training was performed on a treadmill (Imbramed TK-01, Brazil) at low-to-moderate intensity (ϳ40 -60% maximal running speed) for 1 h a day, in alternate days with resistance exercise training, for 8 wk. To provide a similar environment and manipulation, sedentary animals were placed on the stationary treadmill three times a week.
Resistance exercise training. The animals were gradually adapted to the act of climbing for 5 consecutive days before the maximal load test. This is a voluntary exercise protocol, with no aversive (electrical) stimuli to maintain performance, no restraint, and no use of food or water as motivators. The dynamic resistance exercise test was composed of an initial load of 75% of the body weight. After a 2-min resting period, a gradual increase of 15% of body weight was used in the subsequent climbs, as previously described in detail elsewhere (45) . The prescription of resistance exercise training was performed using the normalized value of maximal load for each rat and was adjusted weekly, according to the body weight of the animal. The resistance exercise training protocol was performed during 8 wk, alternating days with aerobic exercise training at low-moderate intensity (1st-2nd wk: 30 -40%; 3th-5th wk: 40 -50%; 6th-8th wk: 40 -60% of the maximal load) with 15 climbs per session and a 1-min time interval between climbs as previously described in details elsewhere (45) . Importantly, to maintain the standard of 6 climbs for maximal load, load increment was adjusted in the maximal load test performed on the 4th and 8th wk of the protocol, with ϩ25% and ϩ40% of the body weight increments between climbs, respectively. The purpose was to determine physical capacity and exercise training intensity (14) .
Metabolic Evaluations
The insulin tolerance test was performed at the end of exercise protocol (19 wk of fructose overload). The animals fasted for 2 h and were then anesthetized with thiopental sodium (40 mg/kg body wt ip). A drop of blood was collected from the tail for blood glucose level measurement at baseline and 4, 8, 12, and 16 min after insulin injection (0.75 U/kg). The constant rate for blood glucose disappearance (K itt) was calculated using the 0.693/t1/2 formula. Blood glucose t1/2 was calculated from the slope of the least squares analysis of blood glucose concentrations during the linear phase of decline (6, 8) .
Cardiovascular Measurements
After the last training session, two catheters filled with 0.06 ml saline were implanted in anesthetized rats (80 mg/kg ketamine and 1 mg/kg xylazine) into the carotid artery and jugular vein (PE-10) for direct measurements of AP and drug administration, respectively. Rats receiving food and water ad libitum were studied 1 day after catheter placement; they remained conscious and were allowed to move freely during the experiments. An arterial cannula was connected to a transducer (Blood Pressure XDCR, Kent Scientific), and blood pressure signals were recorded over a 20-min period by a microcomputer equipped with an analog-to-digital converter board (Windaq, 2-kHz sampling frequency; Dataq Instruments). The recorded data were analyzed on a beat-to-beat basis to quantify changes in mean arterial pressure (MAP) and heart rate (HR). Increasing doses of phenylephrine (0.25 to 32. g/kg)and sodium nitroprusside (0.05 to 1.6 g/kg) were given as sequential bolus injections (0.1 ml/dose) to produce pressure responses ranging from 5 to 40 mmHg. A 3-to 5-min interval between doses was necessary for blood pressure to return to baseline. Peak increases or decreases in MAP after phenylephrine or sodium nitroprusside injection and the corresponding peak reflex changes in HR were recorded for each dose of the drug. Baroreflex sensitivity (BRS) was evaluated by a mean index relating changes in HR to changes in MAP, allowing a separate analysis of gain for reflex bradycardia and reflex tachycardia. The mean index was expressed as beats per minute per millimeter of mercury, as described elsewhere (21, 28, 44) .
Autonomic Measurements
Time-domain analysis consisted of calculating systolic arterial pressure (SAP) variability measured from its respective time series (three time series of 5 min for each animal). For frequency domain analysis, the same time series of SAP was cubic spline Y interpolated (250 Hz) and cubic spline Y decimated to be equally spaced in time after linear trend removal; power spectral density was obtained through the fast-Fourier transformation. Spectral power for lowfrequency (LF; 0.20 -0.75 Hz) and high-frequency (HF; 0.75-4.0 Hz) bands were calculated by power spectrum density integration within each frequency bandwidth, using a customized routine (MATLAB 6.0, Math works) (46) .
Determination of NO Metabolites
Nitrites (NO 2) were determined in plasma using the Griess reagent in which a chromophore with a strong absorbance at 540 nm is formed by the reaction of nitrite with a mixture of naphthylethylenediamine (0.1%) and sulfanilamide (1%). Nitrates (NO 3) were determined as the total of nitrites (initial nitrite plus nitrite reduced from nitrate) after (its) reduction using nitrate reductase from Aspergillus species in the presence of DUOX1. A standard curve was established with a set of serial dilutions (10 Ϫ18 to 10 Ϫ13 mol/l) of sodium nitrite. Results were expressed as millimole per milligram protein of nitrates plus nitrites (23) . Nitric oxide (NO) metabolites (NOx) were calculated by the sum of plasma nitrate and nitrite.
Inflammatory Markers on Cardiac Tissue
One day after hemodynamic evaluations, the animals were killed and the heart (ventricles) was immediately removed, rinsed in saline, and trimmed to remove fat tissue and visible connective tissue. IL-6, IL-10, and tumor necrosis factor-␣ (TNF-␣) levels were determined using a commercially available ELISA kit (R&D Systems), in accordance with the manufacturer's instructions. ELISA was performed in 96-well polystyrene microplates with a specific monoclonal antibody coating. The threshold of sensitivity for the TNF-␣, IL-10, and IL-6 assays was 15.0 pg/ml. Absorbance was measured at 540 nm in a microplate reader.
Oxidative Stress Profile on Cardiac and Renal Tissues
The cardiac tissue (left ventricle) (ϳ0.5 g) and whole kidney were cut into small pieces, placed in an ice-cold buffer, and homogenized in an ultra-Turrax blender with 1 gram tissue per 5 ml, 150 mM KCl, and 20 nM sodium phosphate buffer, pH 7.4. The homogenate was centrifuged at 600 g for 10 min at Ϫ26°C.
Hydrogen peroxide concentration. The assay was based on the horseradish peroxidase (HRPO)-mediated oxidation of phenol red by H 2O2, leading to the formation of a compound measurable at 610 nm. Heart homogenates were incubated for 30 min at 37°C in 10 mmol/l phosphate buffer consisting of 140 mmol/l NaCl and 5 mmol/l dextrose. The supernatants were transferred to tubes with 0.28 mmol/l phenol red and 8.5 U/ml HRPO. After 5 min incubation, 1 mol/l NaOH was added and it was read at 610 nm. The results were expressed in nanomol H 2O2 per gram tissue (39) .
Membrane lipoperoxidation by chemiluminescence and thiobarbituric acid reactive substances. The chemiluminescence (CL) assay was carried out with an LKB Rack Beta liquid scintillation spectrometer 1215 (LKB Producer) in the out-of-coincidence mode at room temperature. Supernatants were diluted in 140 mM KCl and 20 mM sodium phosphate buffer, pH 7.4, and added to glass tubes, which were placed in scintillation vials; 3 mM tert-butyl hydroperoxide was added, and CL was determined up to the maximal level of emission (22, 28) . For thiobarbituric acid reactive substances (TBARS) assay, trichloroacetic acid (10%, wt/vol) was added to the homogenate to precipitate proteins and to acidify the samples (9) . This mixture was then centrifuged (3,000 g, 3 min), the protein-free sample was extracted, and thiobarbituric acid (0.67%, wt/vol) was added to the reaction medium. The tubes were placed in a water bath (100°C) for 15 min. The absorbances were measured at 535 nm using a spectrophotometer. Commercially available malondialdehyde (MDA) was used as a standard, and the results are expressed as micromole per milligram of protein.
Determination of protein oxidation using the carbonyls assay. Tissue samples were incubated with 2,4-dinitrophenylhydrazine (DNPH 10 mM) in a 2.5 M HCl solution for 1 h at room temperature in the dark. Samples were vortexed every 15 min. Subsequently, a 20% trichloroacetic acid (wt/vol) solution was added and the solution was incubated on ice for 10 min and centrifuged for 5 min at 1,000 g to collect protein precipitates. An additional wash was performed with 10% trichloroacetic acid (wt/vol). The pellet was washed three times with ethanolethyl acetate (1:1) (vol/vol). The final precipitates were dissolved in 6 M guanidine hydrochloride solution and incubated for 10 min at 37°C, and the absorbance was measured at 360 nm (42) .
Antioxidant enzyme activities. The quantification of superoxide dismutase (SOD) activity, expressed as units SOD per milligram protein, was based on the inhibition of the reaction between O2 ·Ϫ and pyrogallol (37) . Catalase (CAT) activity was determined by measuring the decrease in H2O2 absorbance at 240 nm. [CAT activity was expressed as mol H2O2 reduced·min Ϫ1 ·mg protein Ϫ1 (1)]. Glutathione and GSSG concentration. To determine GSSG and total glutathione concentration, tissue was homogenized in 2 M perchloric acid and centrifuged at 1,000 g for 10 min, and 2 M KOH was added to the supernatant. The reaction medium contained 100 mM phosphate buffer (pH 7.2), 2 mM NADPH, 0.2 U/ml glutathione reductase, and 70 M 5,5=-dithiobis(2-nitrobenzoic acid). To determine GSSG concentration, the supernatant was neutralized with 2 M KOH and inhibited by the addition of 5 M N-ethylmaleimide.
Absorbance was read at 420 nm (3) . GSH values were determined from the total glutathione and GSSG concentrations.
TRAP. Total antioxidant capacity (TRAP) was measured using 2,2-azo-bis(2-amidinopropane) (ABAP, a source of alkyl peroxyl free radicals) and luminol. A mixture consisting of 20 mmol/l ABAP, 40 mol/l luminol, and 50 mmol/l phosphate buffer (pH 7.4) was incubated to achieve a steady-state luminescence from the free radical-mediated luminol oxidation. A calibration curve was obtained by using different concentrations (between 0.2 and 1 mol/l) of Trolox (hydrosoluble form of vitamin E). Luminescence was measured in a liquid scintillation counter using the out-of-coincidence mode, and the results were expressed in units of Trolox per milligram protein (18) .
Statistical analysis. Data are expressed as means Ϯ SE. The Levene test was used to evaluate data homogeneity. A one-way analysis of variance followed by the Student-Newman-Keuls test was used to compare groups. Significance level was established at P Յ 0.05.
RESULTS
The FHOT group showed a higher maximal aerobic and load capacity compared with sedentary groups at the end of the protocol ( Table 1 ).
The body weight was similar between C and FHO groups. The FHOT group presented reduced body weight compared with C and FHO groups. Triglyceride levels were increased and insulin sensitivity (K itt ) was reduced in FHO group compared with C group. The combined exercise training was able to normalize these dysfunctions (FHOT vs. FHO) ( Table 1) .
Heart rate was higher in the FHO group compared with C group (FHO: 403 Ϯ 12 vs. C: 352 Ϯ 11 beats/min). The FHOT group presented a resting bradycardia (FHOT: 303 Ϯ 5 beats/ min) (Fig. 1B) . MAP was higher in the FHO group compared with C group (FHO: 174 Ϯ 4 vs. C: 108 Ϯ 1 mmHg) (Fig. 1A) . The FHOT group (158 Ϯ 4 mmHg) showed decreased MAP compared with the FHO group (Fig. 1A) . SAP variance (VAR-SAP) and LF-SAP were higher in FHO group compared with all other groups; however, combined exercise training promoted a normalization of these parameters (FHOT vs. C) (Fig.  1, C and D) .
Baroreflex sensitivity was reduced in the fructose groups (FHO and FHOT) compared with the C group, for both bradycardic responses (FHO: 1.01 Ϯ 0.15; FHOT: 1.11 Ϯ 0.08 vs. C: Ϫ1.52 Ϯ 0.08 bpm/mmHg) and tachycardic responses (FHO: 1.17 Ϯ 0.12; FHOT: 1.59 Ϯ 0.10 vs. C: 4.37 Ϯ 0.34 bpm/mmHg).
There was no difference in plasmatic NOx between FHO and C rats. However, NOx was increased in the FHOT group (Fig. 2A) .
TNF-␣ was higher in the FHO compared with C group (FHO: 65.8 Ϯ 9.9 vs. C: 23.3 Ϯ 4.3 pg/mg protein), but the combined exercise training normalized this parameter (FHOT: 33.1 Ϯ 4.9 pg/mg protein) (Fig. 2B) . IL-10 was lower in the FHO group (16.2 Ϯ 2.5 pg/mg protein) compared with the C group (32.5 Ϯ 4.0 pg/mg protein). No differences were observed in IL-10 between the C group and FHOT group (26.7 Ϯ 5.7 pg/mg protein) (Fig. 2C) .
Regarding oxidative stress in cardiac tissue, hydrogen peroxide was higher in FHO group compared with C group. No differences in cardiac hydrogen peroxide were observed between C and FHOT groups. Protein oxidation (carbonyls) was higher in both groups undergoing fructose overload (FHO and FHOT vs. C). Lipoperoxidation (CL) was higher in FHO compared with C group. The FHOT group showed a reduction of lipoperoxidation compared with the FHO group. Chronic consumption of fructose promoted a reduction of cardiac CAT and did not change SOD activity or TRAP. Combined exercise training was able in to increase cardiac CAT activity compared with FHO group. SOD activity and TRAP were higher in the FHOT group compared with both sedentary groups (Table 2) . Importantly, despite we did not observe significant changes in cardiac GSH/GSSG between FHO and C groups, the FHOT rats showed an increased GSH/GSSG compared with FHO rats, thus indicating improvement in redox balance (Fig. 2D) .
Concerning oxidative stress in renal tissue, lipoperoxidation (TBARS) was higher in both FHO and FHOT groups compared with C group. Protein oxidation (carbonyls) was higher in the FHO group than in the C group, but combined exercise training was able to decrease carbonyls (FHOT vs. FHO). There was no difference in renal CAT activity among the groups. SOD activity was higher in the FHO group compared with C group and lower compared with the FHOT group (Table 3) .
DISCUSSION
It is now well established that exercise training plays an important role in the prevention and/or treatment of several disorders. However, most studies have focused on aerobic exercise training, raising the question of to what extent resistance training alone or coupled with aerobic exercise would lower risk factors. International guidelines have recommended the practice of resistance exercise training along with aerobic exercise training (40, 49, 50) . However, unlike aerobic training, the prescription of resistance training allows the modulation of several parameters, e.g., number of repetitions, number of sets, load intensity, and time interval between series (31). The many possible combinations of these variables may change the acute and chronic physiological effects of resistance training, making it difficult to use this type of exercise for at-risk populations. Thus the aim of this study was to evaluate the effects of combined exercise training in hypertensive ovariectomized rats undergoing fructose overload on cardiovascular autonomic modulation, inflammation, and oxidative parameters.
We observed an increase in physical capacity in the group that underwent combined exercise training, with higher values in both maximal aerobic and resistance tests. Another study from our group has demonstrated an improvement in physical capacity in ovariectomized rats after 8 wk of aerobic training (28) . Similar findings were reported in premenopausal women (24), menopausal women not receiving hormone replacement therapy (2, 24) , and menopausal women receiving hormone replacement therapy (24) .
Furthermore, postmenopausal women usually show decreased exercise tolerance, muscle strength, and bone mass, together with increased body weight and prevalence of diabetes, osteoporosis, and cardiovascular diseases (47) . The American College of Sports Sciences has recommended resistance exercises in addition to aerobic training for individuals with hypertension, peripheral vascular disease, Type 2 diabetes, obesity, and other conditions (50) . In this context, resistance training promotes improvements in muscular strength and endurance and functional capacity, contributing to the overall health and quality of life and may also reduce risk factors for developing heart diseases, insulin resistance, and obesity, which are very common in Type 2 diabetic patients (40, 50) . In our study, the animals undergoing combined exercise training showed greater strength gains compared with sedentary animals.
Regarding blood triglyceride levels, we observed an increase in the group undergoing fructose overload (FHO vs. C). The exposure of the liver to large amounts of fructose leads to stimulation of lipogenesis and a fast accumulation of triglycerides, which contributes to decrease insulin sensitivity (4) . In fact, the FHO group showed insulin resistance, as demonstrated by decreased K itt in relation to C group. These results are in line with the findings of other studies that use fructose overload in Wistar rats (8) and in ovariectomized SHR rats (44) . However, exercise training was able to normalize blood triglyceride levels, which may be related to the improved insulin sensitivity in the FHOT group. Sanches et al. (44) also observed a decrease in K itt and triglyceride levels in ovariectomized SHR undergoing fructose overload after aerobic exercise training protocol. The improvement in insulin sensitivity after exercise training may be related to improved insulin signaling. In fact, some studies have demonstrated that exercise potentiates the effect of insulin on phosphorylation of IRS-2 with a consequent increase in the PI3 kinase activity (26) . Furthermore, there is also a greater phosphorylation in serine of Akt, which is an essential protein that initiates the translocation of GLUT4 to the plasma membrane (51). Luciano et al. (34) have shown that exercise endurance in male rats adapted to pool improved insulin sensitivity by increasing the phosphorylation of IRS-1 and IRS-2, as well as the association of these proteins with PI3 kinase in insulin-stimulated animals, compared with control animals.
In the present study, fructose overload associated with ovarian hormone deprivation in SHR promoted an increase in both arterial pressure and HR and impairment in SAP variability parameters (VAR-SAP and LF-SAP) and in BRS compared with the C group. It should be stressed that the enhanced AP variability has been suggested to result from decreased BRS in hypertensive humans and animals (10, 35) . Arterial baroreflex represents an important control system, buffering the magnitude of spontaneous arterial pressure fluctuations (36) . Moreover, baroreceptors also exert tonic control over sympathetic activity (inhibition) and parasympathetic activity (stimulation). Thus impairment of the function of baroreceptors can play as permissive element to the establishment of primary changes in other mechanisms of cardiovascular control, failing to properly modulate the sympathetic and parasympathetic activity (27) . In fact, experimental and clinical studies have demonstrated that dysautonomia (a dysfunction of the autonomic nervous system) is present in a number of pathologies, e.g., hypertension, heart failure, diabetes mellitus, and other metabolic disorders (20, 42, 43, 55) .
However, our results demonstrated that combined physical training promoted arterial pressure reduction associated with reduced VAR-SAP and LF-SAP (sympathetic vascular representatives), thus reflecting an improvement in the cardiovascular system. It should be noted that in a previous study of our group, using the same experimental model of menopause and hypertension undergoing fructose overload (but in the context of aerobic exercise training alone), we did not observe any reduction of arterial pressure (44) . In this sense, the experimental results of the present study demonstrated an additional impact of combined exercise training on cardiovascular risk, since this type of training was able to reduce arterial pressure in this model of association of cardiometabolic dysfunctions after ovarian hormones deprivation.
With regard to inflammatory markers, the FHO group showed an increase in TNF-␣ and a reduction in IL-10 in the cardiac tissue compared with the C group. On the other hand, combined exercise training was effective to normalize IL-10 and reduce TNF-␣ in the cardiac tissue. Corroborating to our study, Renna et al. (41) have shown that chronic consumption of fructose in SHR rats induced damage to the cell membrane and increased TNF-␣ in the vessel. Since IL-10 acts as an antagonist of TNF-␣ by inhibiting the signaling of nuclear factor-B (NF-B) (19), we can hypothesize that combined exercise training was able to normalize IL-10, which resulted in a reduction of TNF-␣, thus decreasing the pro-inflammatory profile in FHOT group in relation to FHO group.
Regarding NO bioavailability, studies in both humans and animals have shown that the shear stress induced by physical exercise is a potent stimulus for the release of vasorelaxing factors produced by the vascular endothelium, such as NO and endothelium-derived hyperpolarizing factor, thereby causing a reduction in BP values (30) . Indeed, NO is a potent vasodilator and thus its role in BP control is extremely important. In this sense, studies have observed an increased NO bioavailability after moderate intensity physical training program, both clinically (11, 25) and experimentally (12) . Claudino et al. (12) demonstrated that aerobic exercise training, performed on a treadmill adapted to rats for 8 wk, was able to promote an increase in NO in the cavernous body of male rats. Higashi et al. (25) observed an increase in NO accompanied by less reactive hyperemia in patients with essential hypertension who underwent an aerobic exercise training program. Corroborating these findings, the combined exercise training in the present study was also effective in improving the nitric oxide metabolism (NOx increase in FHOT vs. FHO group), suggesting increased NO bioavailability, which may have contributed to the reduction in AP in the FHOT group.
Regarding oxidative stress, the FHO group showed higher lipid peroxidation and protein oxidation (carbonyls) in the cardiac and renal tissues compared with the C group, together with an increase in hydrogen peroxidase in the cardiac tissue. Bertagnolli et al. (5) have shown increased lipid peroxidation in erythrocytes in aorta, as evaluated by CL, in male SHR compared with controls. A previous study has also observed a greater protein oxidation (carbonyls) in plasma of hypertensive rats (SHR) compared with normotensive Wistar rats (13) .
On the other hand, animals undergoing combined exercise training (FHOT) decreased lipid peroxidation and hydrogen peroxide in the cardiac tissue and showed a decrease in protein oxidation in renal tissue compared with HFO group. Furthermore, the combined exercise training was able to promote an increase in cardiac SOD activity, showing an improvement in antioxidants, which may have contributed to the reduction of lipoperoxidation in this tissue. In fact, previous studies from our group have shown improvements in markers of oxidative stress in cardiac tissue, such as lipid peroxidation and antioxidant enzymes in old male Wistar rats (16) in ovariectomized female rats (28) and SHR (5) undergoing aerobic treadmill training.
Importantly, there is compelling evidence that the autonomic nervous system is involved in the genesis of cardiometabolic disorders, causing alterations in inflammatory status and oxidative stress (7, 15, 20, 48) . In this sense, the data from this study suggest that the decrease in sympathetic modulation observed after combined exercise training may have positively influenced parameters of inflammation (reduced pro-inflammatory cytokine and increased anti-inflammatory), oxidative stress (reduction of ROS, lipid and protein oxidation, and increased antioxidant defenses) and NO bioavailability, by promoting metabolic and hemodynamic benefits in an experimental model of metabolic syndrome and menopause.
In conclusion, the results of this study demonstrate that fructose overload associated with hypertension and ovarian hormone deprivation promoted impairment in metabolic, cardiovascular, autonomic, inflammatory, and oxidative stress parameters, and combined exercise training was effective in reducing and/or normalizing such disorders in an experimental model.
